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(71) We, MARATHON OIL COM- 
PANY, of 539 South Main Street, Flndlay, 
Ohio 45840, United States of Arnerica, a 
corporation organised and existing under the 
bnra of the State of Ohio, United States of 
America, eta hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which ft is to be 
performed, tn be particularly described in 
and by the following statement: — ^ 

This invention concerns fracturing fluids 
which hove a characteristic of nrhirnrmg a 
viscosity increase upon temperature increase. 
These fluids may be used to fracture sub- 
terrancan formations, especially those format 
tiona At temperatures above ambient wherein 
a viscous fracturing fluid is desired. 

The prior art has senerally ex 
that the viscosity of fracturing fluids 
upon a temp era cure increase. That is, normal 
fncturing fluids, when injected into a forma- 
tion are heated as the fluids progress down 
the well bare and, aa a result, they lose their 
viscosity characteristics. Such is undesirable 
when fracturing subterranean reservoirs at 
substantially higher tempcasturca than 
ambient. Also, when such high temperatures 
axe encountered, if the fracturing fluids are 
designed to have a relatively higft viscosity at 
reservoir taftpcratures, the viscoaitiea at 
ambient temperature arc generally so high 
that very large energy requirements are neces- 
sary to fracture the formation. In most cases, 
fracturing of reservoirs at high temperatures 
has generally proved difficult because a 
fracturing fluid of sumdent viscosity at the 
reser vo ir rock face cannot be injected and 
efficiently pumped into the formation. _ 

The fracturing fluid of .the invention 
generally permits the fracturing of reservoirs 
at high tem pcr at orci and also generally 
permita nunimum fRirff "** energies rccjuired 
to fracture the fexmation* 

We have discovered & novel cbamc&eristsc 
of particalar non-Newtonian fluids comprised 
of surfactant^ preferably petroleum sulfonate, 
acqueous medium, hydrocarbon, optionally 
cosurfactara and/or electrolyte which exhibit 



a viscosity increase upon a temperature 
increase. These systems have the capability 50 
of *ni»hnfTmg oil and water aa well as exhirnr- 
ing relatively large viscosities at high tempera- 
tures. Other additives compatible with the 
coxnpoocnts of the system can be added to 
impart desired characteristics, eg. proppiDg 53 
agenrjs, water-somble polyrners, etc Also, the 
fracturing fluids by virture of their viscoelastie 
properties generally exhibit drag reduction 
wherein a higher flow rate is obtained with 
a given pressure drop than would be 60 
predicted by viscous flow theory. 

The present invention provides a process 
of bydrauUcafly fracturing a subterranean 
hydrowben-benring formation penetrated by 
at least one well, the fonnation being at a 65 
temperature in excess of amb i ent temperature* 
the process comprising injecting into the 
fonnation a water-external, aancous surfact- 
ant mixture containing non-spherical micelles 
and being non-Newtonian at the temperature 70 
of use and having the characteristic of exhibit- 
ing a viscosity increase upon a temperature 
increase the viscosity of the surfactant 
mixture being sufficient at the f orm a tion 
temperature to effect efficient fracturing of 75 
the formation> the aqueous surfactant xniauue 
comprising 2 to 70% by vomme hydrocarbon, 
at least 1.5% by volume surfactant* and 
25% to 95% by volume of on aqueous 
medium, and injecting the surfactant mixture 80 
into the formation and effecting fracturing of 
the formation* 

The water-exTernal surfactant mixtures 
useful with this invention can be miceUar 
solutions or jmcroemulskms or "stable ernuK SS 
slous." By "stable emulsion*' is meant a 
mixture that is phase stable for a relatively 
indefinite period of time, e.fr for at least two 
weeks* These particular mixtures are also 
non-Ncwtoman fluids, i.c there does nor exist 90 
a linear relationship between tin? shear rate 
and the shear stress, eg. the apparent 
viscosity of the liquid decreases with facreas* 
ing shear stress. Thus, the high shear rate 
in the pipe causes a low apparent viscosity 95 
and more fluid flows at a given pressure drop 
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than would occur with a corresponding 
Ncwtonion fluid. As the fluid enters the 
formation, the shear rate decreases and the 
viscosity increases. This condition causes more 
effective fracturing. Besides the pseiidoplasri- 
city of these mixtures, the drag reduction 
characteristic of these surfactant mixtures 
permits high flow rates at minimum pressure 
drops. 

10 The surfactant mixtures contain (by 
volume) less than 2 to 70%, preferably 2 to 
55% and more preferably 2 to 40% hydro- 
carbon; 25 to 59%, preferably 40 to 95% 
and more preferably 55 to 95% aqueous 

15 medium, at least 1.5% and up to 20% 
surfactant; and optionally O.01 to 20% or 
marc, and preferably 0.1 to 5% by vuhrme 
of oogurfactant, and/or 0.001 or less up to 
5% or more and preferably 0.01 to 2S% 

20 by weight of electrolyte (based on the aqueous 
medium). Preferably OJOal to 5.0% and more 
preferably 0.01 to 3% by weight, based on 
the aqueous medium, of a water-soluble, high 
molecular weight polymer is incorporated into 

25 the surfactant mixture, Examples of useful 
polymers includes noniomc polymers such as 
Stein Ilall Polymer 1212A (a guar derivative 
polymer mattered by Stein, Hall and Co., 
Inc., 605 3rd Avenue, N.Y., RY. 10016> 

30 The hydrocarbon enn be crude oil, a 
partially refined fraction of crude o3 v e.a> 
keros e ne, gas ail, naphtha, etc; refined frac- 
tions of crude aH, eg. propane, butane, 
hfisane, etc; or a syn thesi z e d hydrocarbon, 

35 including nlkyl substituted aryl com p o u nds 
and halogenaied hydrocarbons. The aqueous 
medium can be soft water, brackish wafer or 
a brine water. The surfactant can be cauonir, 
anionic, or nonionic but must have at least 

40 some water-solubility and oil-solahility 
characteristics; preferably, the surfactant if 
a monovalent cstion^comajbirig petroleum 
sulfonate having an average equivalent weight 
tviihin the range of 350 to 525 and more 

45 preferably 400 to 470. The cnBurfaaant can 
be an amine, aldehyde, ester, ketone, ether, 
bur Is preferably a hyunrxy-containing com* 
pound (eg- aliphatic alenhrris, glycols, and 
nlcohols containing an ether grouping(*) or 

50 like functional group) cantammg 1 to 20 
carbon atoms and preferably 3 to 16 carbon 
aroma. The surfactant, cosurfaccanc, and 
hydrocarbon can be mixtures of camp orients 
wiibin their respective generic groups, The 

55 electrolyte is a rater-soluble electrolyte and 
is preferably an iiu>igamc base, inorganic acid 
or an morganlc salt. 

The components of the surfactant mixture 
can be admixed in any suitable manner, e.g. 

60 stirring or agitation, shaking, pumping; etc 
The surfactant mixture can be designed not 
16 p baae separate upon storage under wide 
temperature variations and can be prepared 

_ « we well site or any canvcrtienr place. 
65 Vfscoaxty of the surfactant nurture can be 



varied over a wide range permitted by com- 
ponents of the surfactant mixture. Concentra- 
tions as well as the p ionertl e s of the 
components influence the viscosity of the 
surfactant mixture For example, the viscosity 70 
of a given surfactant mixture at a given 
temperature and shear rate can be increased 
from 72 cp to 460 cp by increasing the 
ccocentrfition of Stem Hall Polymer 1212A 
from 1% to 2%. Designing high viscosity 75 
mixtures for high tempemtnre reservoirs can 
be done fay formulating the surfactant 
mixture with different molecular weight and 
types of surfactants, cosurractantSj hydro- 
carbon; varying the concentrations) of water, fio 
hydrocarbon, coosurfactant, dectrolyte; ere 

Of course, the viscosity of the surfactant 
lnixture desired in the reservoir will be 
dependent upon the permeability of the 
reservoir, temperature of the reservoir and 85 
other characteristics of the reservoir. 
Generally speaking, a relatively viscous 
surfactant fracturing fluid is desired to obtain 
an cflicienr fracturing process. 

Propping agents may be incorporated into 90 
the surfactant mixture. The viscosity of the 
surfactant mixture is desirably high enough 
to facilitate keeping in suspension the prop- 
ping agents. Examples of useful propping 
agents include coarse sand Rrain« tempered 95 
glass beads, metallic pellets such as aluminum 
pellets, and similar Hkc materials. Such 
propping agents are usually present In con- 
centrations of 04—5 lbs. per gallons and 
preferably 0.5—3.0 lbs. per gallon of fractur- 100 
ing fluid. Sizes of the propping agents 
generally range from 6 to 40% preferablv 
10 to 100 or more and more preferably 10 
to 20 mesh, Of course, the particular reservoir 
win dictate the desired size of propping 105 
agents. 

Fluid loss agents in concentrations of .001 
to 2 lb/gal and preferably .01 to 0L2 lb/gnl 
are useful with the surfactant mixtures. Such 
agents include silica flour (200 mesh silica 110 
snndX Atomitc M-2 (ground calcium 
carbonate having diameters less than 15 
micron, manulactured and marketed bv 
Thompson, Weinman & Co., CartersvOle, 
Georgia), and like materials. Silica flour Is 115 
preferred. 

Ejection rates of the surfactant mixture 
will depend on downhole pressure, perme- 
ability of the formation, depth of the forma- 
tion, etc Such injection rates should be 120 
suffici e n t to cause the formation pressure near 
the well bore to exceed the "overburden pres- 
sure , \ For most reservoirs, the injection rates 
should be sufficient to obtain a formation 
pressure near the well bore of $00 to 5,000 125 
P* »— thi s will be sufficient for most 
reservmrSk 

Prefracruring agents may be injected before 
the surfactant mixture to obtain desired 
effects. Examples of such include acids, 130 
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aqueous acids, and other agents which tend 
to c W" the rock face or the f oimatioa to 
permit a marc efficient fracturing process. 
Also, diverting agents may be nrtermittently 

5 injected while Injecting the surfactant mixture 
to obtain a mane uniform fracturing profile 

such is preferred In heterogeneous forma- 

dona. Examples of diverting agents include 
or derivatives, sealer balls in a cased well* 

10 etc 

The following; Hxnmplt iSustzste ipeo Sc 
working embodiments of the inveutum- 
Uolcn otherwise specified, all percents ate 
based on volume and the properties of the 
15 gurfaccanx nurture are measured at ambient 
temperature. 

Tvrimplf 

A water-external miceflar solution jjj 
obtained by mixing 1.6% Pyronate 50 
20 (sodium pctrokom sulfonate, marketed by 
Sonueborn Cftrmical Co-> New York, N. Y-j 
50% active sulfonate, overage eowvalent 
wcirfit 360); 1.8% Petnmate HL (sodium 
petroleum sulfonate, marketed by Sonoebom 
25 Chemical Co,, 62% active sulfonate, average 
equivalent weight 455%; 3.3% kerosene and 
93 3% aqueous medium containing 0,93% by 
weight (based on water) NaO. To this 
rniceUar solution there is added 1% of Stem 
30 Ball Polymer UU/L The resulting : TOXjure 
has a viscosity of about 72 cp. at 170 F. The 
concentration of the polymer ia increased to 
1.6% polymer and a viscosity of 328 cpv tf 
obtained; at a polymer concentration of 2% M 
35 the viscosity of the aqueous mixture mixture 
Is 460 cp. at 170°F. To illustrate how the 
viscosity increases upon an increase in 
temperature, the micella* solution containing 
1.6% polymer was heated, it has the follow- 
40 ing viscosity profile: 

Viscosity (cp — 100 
Temperature (°F) rpm) Farm Voscomcter 
74 313 
100 33* 
45 ISO 37fi 

170 »8 

Fox general purpose fracturing, the fluid 
desirably has a viscosity of 200 to 500 cp. 
when measured on a Farm Viscometer at 

50 100 rpm at 170'F. The fracturing fluid 
should preferably have a fluid loss of under 
30 milliliters after 30 minutes of flow 
Through • given fitter paper at 1,000 jpti 
pressure and at 170'F. Also, the ptimpabihty 

55 characteristics of the fracturing flmd art 
desirably lite that of a 5 cp. fluid. In 
^^w™^ the drop rate of propping agents 
within (he fracturing fluids should be less 
than 2 feet per minute for 10 mesh glass 

60 beads. « 

To determine the properties of these 
surfactant mixtures, the following tests were 
used: 



Fluid loss characteristicB axe measured 

defined* API RP-13B, 65 

resistivity cdl defined m U.S. Patem 
3,617,869 to Betoel el al and °P=™«1 at 850 
pais. A "Specially Hardened Filter Paper fw 

2 1/2 k diameter, marketed by ' Barosfl 
Division, National tod toipany, Hmmon, 
Texas, was used as the fitter p aper. 

The drop rate of the surfaflsmt nuxrure 
was drf~r™ 5ngd by observing me tone 75 
required for a 10 mesh glass bead to drop 
tSougb the fluid contained m a 200 rriL 

^n^t^A of the feactxiring fluid 
was dcSned from a mathematical 80 
relationship based on data obtained from a 
opilliary tube or 30.33 emmnoter length 
and 0.003365 centimeter in radius. T^»e 
data were fed to a jamjar *™ fl5 

which the pumpabitity of the fluid was 85 
determined. , _ . . 

The properties of the fluid identified m 
the Example were deternuned: the best 
munpability fox this particular fluid was 
tound to be 43*5 cp and the drop irate was 90 
less than 0.008 feet per irimtn^Tba flmd 
without a fluid loss agent erfrftfted a fluid 
joss of ISO ml/30 W but. with O.tt lb of 
jflka flour/fiat of mjceUar soluuon, tijelbrid 
Um was 20.5 ml/30 nun for the **n0at& 95 
API test. As mentioned earlier, tins flmd 
fftntiim a nooiora'c poiymer. 



WHAT WB CLAIM IS: — 

1. A procesa of faydmuncally fracturing a . 
aubierranSin hydrocarbon betting Jatmatlon 100. 
SSSdby anyone "*^*"J^ 
bemg at a temperature in excess of em&tenr 
teWrEturc, the riroceas ewru^nsmg mjecdns; 

Jnmthe formation a ^^^JSSS3 if* 
surfactant mature containing non^pherteal 105 
micelles and being non-Ncwtnwan at the 
temperature of use and having the character- 
istic of csiuluting a viscosity increase upon 
a txroperature increase, the viscosity of the 
surfactant mixture being sutoem at the 110 
formation temperature to effect efficient 
f raiding trf me foimation, the aqueous 
surfactant rniatnre camipritlng of 2 to 70% 
by volume hydrocarbon, « lea* 1-5% by 
volume surfactant and 25% to 95% by 115 
volume of an aqueous medium, and injecting 
the surfactant rnurture into the formation and 
effecting fracturing of the tarnation. 

2. A process according to cuom 1, wherein 

the sorfactant is a petroleum onate having 120 
an averse equivalent weight withm the range 
of 350 to 525. . 

3. A process BtroTdmg to da im I or 2, 
wherein the surfactant rruxture contains a ^ 

P ^A pr^ess wording to Claim 1, 2 or 3. 
wherein the sorfactant rnuenne comprises a 
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cosudactant, an electrolyte, or a cosurfactant 
and an electrolyte. 

5. A process according to Claim 4, wlwca 
the concentration of cosurfactant i» 0,01 to 

5 20% by volume and the concentration of 
etectroyUe is 0.001 to 5% by weight (based 
on the aqueous medium). 

6. A process according to any one of the 
preceding claims, wherein a diverting agent 

10 is intermittently injected into the formation 
during the injection of the surfactant mixture 
to effect a more uniform fracturing profile 

7. A process according to any one of the 
preceding claims, wherein the aqueous phase 

IS of the surfactant mixture contains 0.001 to 
5% by weight, based on the aqueous medium* 
of a water-solnmc high molecular weight 
polymer to impan a viscosity increase to the 
surfactant mixture. 

20 g. A process according to claim 7. wherein 
the polymer is noxHomc. 

9. A process according to any one of the 
preceding claims, wherein the aq«ous 
surfactant mixture comprkci 2% to 55% by 



volura hydrocarbon, 40% to 95% hy 25 
volume aqueous medium* 1,5 to 20% by 
volume of monovatent. cation-containing 
petroleum sulfonate having an average 
equivalent weight within the mage of 350 
to 525, and 0.001 to 5% by weitfit, baaed 30 
on the aqueous medium, of a water soluble 
high molecular weight polymer* 

10. A process according to any one of the 
preceding data*, wherein the surfactant 
mixture comprises a fluid loss control najmt. 35 

11. A process according to claim I0j 
wherein the fluid lots control agent is silica 
four in an atnount of 0.001 to 2 poinds per 
gallon of surfactant muttutc 

12. A process according to claim 1, sub* 40 
atantialiy as hereinbefore described in the 
Example, 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 & 10 Staple Inn, 
London, WC1V 7RD. 
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